PATENT APPLICATION 
LENS FOCUSING DEVICE, SYSTEM AND METHOD FOR USE WITH 
MULTIPLE LIGHT WAVELENGTHS 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims benefit under 35 U.S.C. § 119 of the following United States 
provisional patent applications: Serial Number 60/234,810, entitled Lens Focusing 
Device, System and Method for Use, which was filed on September 22, 2000; and 
Serial Number 60/234,812, entitled Lens Focusing System and Method for Use, which 
was filed on September 22, 2000. 

FIELD OF THE INVENTION 

The present invention relates generally to image capturing systems, and more 
particularly to lens focusing devices, systems and methods used in image capturing 
systems. 

BACKGROUND OF THE INVENTION 

Lenses are used in almost every image capturing system, whether that system 
is a film camera, a digital camera, a scanner, a copier, a facsimile machine or other 
system. Lenses gather light, and focus the light onto a recording medium or light 
sensitive component, sometimes called a detector, that generates electrical signals in 
response to the light. It is intuitive that correctly focusing light is critical to 
accurately capturing a desired image. If light is not properly focused, a blurry image 
will be recorded. 

Three methods are commonly used to properly focus light: fixed focusing, 
manual focusing and automatic focusing. Fixed focusing is often used in low-end 
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cameras, as well as in most copiers, scanners, facsimile machines, etc., due to the low 
cost and ease of use. Manual focusing is used in a variety of midrange to higher-end 
systems, and automatic focusing is predominantly used in high-end cameras and other 
image capturing devices that require fine image detail. 

All of these focusing methods attempt to position a lens an appropriate 
distance from the detector, so that the light transmitted through the lens is focused on 
the detector. This distance is sometimes referred to as the focal length of the lens. 
The focal length of a lens is dependent upon the wavelength (and therefore the 
frequency) of light passing through the lens. For example, a single lens will focus red 
light and blue light at slightly different distances from the lens. In particular, red light 
actually refers to a portion of the electromagnetic spectrum made up of many 
wavelengths, and a single lens will focus each of these different wavelengths of red 
light at slightly different distances. Accordingly, each wavelength within the 
electromagnetic spectrum is focused at a different distance. 

As a result, when a lens focuses light onto a detector, whether using a fixed 
focus system, a manually focused system, or an automatic focusing system, the lenses 
focal length is configured to focus a wavelength that provides a compromise focus for 
a set of wavelengths. In general, the compromise wavelength to which the lens is 
focused is chosen so that no portion of the visible portion of the electromagnetic 
spectrum is too far out of focus. 

While this procedure has been adequate when used with a single set of 
wavelengths generally within the visible portion of the electromagnetic spectrum, 
some image capturing systems, such as film scaimers, are beginning to use that 
portion of the electromagnetic spectrum outside of the visible portion of the 
electromagnetic spectrum. As a result, focusing a lens for a compromise wavelength 
is less effective, because of the greater difference in wavelengths between the visible 
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and other parts of the electromagnetic spectrum. A single lens in a single position can 
not adequately focus this entire range of wavelengths. 
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SUMMARY OF THE INVENTION 

Therefore, what is needed is a way to allow image capturing systems the 
ability to focus multiple portions of the electromagnetic spectrum with a single 
detector. Accordingly, the present invention comprises a device, system and method 
capable of focusing a first set of wavelengths of light onto a detector, and then 
focusing a second, different set of wavelengths of light onto the same detector. In at 
least one embodiment, the first set of wavelengths of light comprises predominantly 
visible light, and the second set of wavelengths comprises predominantly infrared 
light. 

One embodiment of the present invention provides a lens focusing system 
comprising at least one lens capable of focusing at least two different sets of 
wavelengths of light from a scene onto a detector by altering the distance from said at 
least one lens to said detector. In at least one embodiment, at least one of the at least 
two different sets of wavelengths of light comprises predominantly visible light, and 
another of the two sets of wavelengths comprises predominantly infrared light. 

In at least one embodiment, a first distance of the lens from the detector is 
determined using an automatic focusing system capable of focusing a set of 
wavelengths comprising primarily visible light, and a second distance of the lens 
from the detector is a predetermined offset from the first distance. 

An alternate embodiment of the present invention provides a lens focusing 
system comprising a plurality of lenses capable of being interposed in an optical path 
between a scene and a detector. The plurality of lenses is capable of focusing at least 
two different sets of wavelengths of light from the scene onto the detector by moving 
at least one of the plurality of lenses into and out of the optical path. In at least one 
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embodiment, the first frequency corresponds to visible light, and the second 
frequency corresponds to infrared. 

In addition to these embodiments, the lens focusing system may be included 
as part of an image capturing system. The image capturing system also comprises a 
detector capable of generating electrical signals in response to light, at least one 
illumination source capable of providing illumination in the infrared portion of the 
electromagnetic radiation spectrum, as well as at least one illumination source 
capable of providing illumination in the visible portion of the electromagnetic 
radiation spectrum. 

An advantage of at least one embodiment of the present invention is that an 
automatic focusing system can be easily adapted for infrared focusing simply by 
using a predetermined offset to a focusing element's position. 

An advantage of at least one embodiment of the present invention is that a 
sharper images can be recorded, because the lens is in focus for both visible and 
infrared scans. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Other objects, advantages, features and characteristics of the present 
invention, as well as methods, operation and functions of related elements of 
structure, and the combination of parts and economies of manufacture, will become 
apparent upon consideration of the following description and claims with reference to 
the accompanying drawings, all of which form a part of this specification, wherein like 
reference numerals designate corresponding parts in the various figures, and wherein: 

FIG. 1 is a block diagram of an image capturing system according to one 
embodiment of the present invention; 

FIG. 2 is a schematic representation of a lens focusing two different 
w^avelengths of electromagnetic energy according to at least one embodiment of the 
present invention; 

FIG. 2A is a schematic representation of altering a system's focus by using an 
additional lens according to an embodiment of the present invention; 

FIG. 3 is a simplified diagram illustrating how focusing affects the frequency 
content of an image received by a detector according to at least one embodiment of 
the present invention; 

FIG. 4 is a perspective view of an automatic lens focusing system according to 
one embodiment of the present invention; and 

FIG. 4A is a perspective view of a lens focusing system according to one 
embodiment of the present invention; 
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FIG. 4B is a perspective view of another embodiment of a lens focusing 
system according to an embodiment of the present invention; and 

FIG. 5 is a flow diagram illustrating a method according to one embodiment 
of the present invention. 

FIG. 5A is a flow diagram illustrating a method according to one embodiment 
of the present invention. 
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
OF THE INVENTION 

FIGS. 1-5 illustrate a lens focusing system and method for use in accordance 
with the present invention. In particular the present invention is illustrated in terms of 
an image capturing system, such as a seamier. As described in greater detail below, 
the image capturing system may include an automatic focusing system capable of 
altering the distance between a lens and a detector to focus at least two different sets 
of wavelengths onto a detector. Alternately, the system may include an additional 
lens that can be used instead of or in conjunction with the standard lens to provide the 
correct focus for the second wavelength. Preferably one of the sets of wavelengths 
comprises primarily visible light, and another set of wavelengths comprises primarily 
non-visible light. 



The term "light", as used herein, refers to electromagnetic energy, and 
preferably electromagnetic energy with frequencies generally in the range of 10'^ Hz 
to 10'^ Hz. This range encompasses visible light, as well as infrared (IR) and 
ultraviolet portions of the electromagnetic radiation spectrum, with visible light 
corresponding primarily to frequencies in the range of 4 x 10" Hz through 7 x 10'^ 
Hz. 



Referring to FIG. 1, image capturing system 100 is illustrated according to 
one embodiment of the present invention. Image capturing system 100 is illustrated 
as a scanner, however, it will be appreciated that image capturing system 100 is not 
limited to scanners, but also includes facsimile machines, copiers, optical character 
recognition systems, various special purpose imaging devices, and the like. Image 
capturing system 100 may include a transparent platen 120 over which a film having 
a developed image 122 to be captured is located. Although transparent platen 120 is 
illustrated, use of transparent platen 120 is not required in implementing the present 
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invention. For example, pressure rollers 160 can be configured to hold film 105 
taught. Alternatively, an opaque film support having a slot cut therethrough can be 
employed. 

In one implementation, one or more photosensitive scanning arrays 124 are 
5 supported for reciprocating scanning movement below platen 120. In yet another 
implementation, additional photosensitive arrays (not shown for ease of illustration) 
may be positioned above and below platen 120, and may or may not be configured to 
move along with platen 120. It will be appreciated that movement of scanning array 
124 is described relative to a physical medium to be scanned. Relative movement can 
10 be provided by moving platen 120, by moving film 105, or by moving scanning 
system assembly 150. A scanning system assembly 150 includes several optical 
components which may move together as a single unit. In one embodiment, the 
scaiming system assembly 150 includes a lamp 134, an associated reflector 126 and a 
baffle 136, with the latter two elements cooperating to direct a narrow band of light 

15 onto a small area across the platen 120. Lamp 134 may be a single unit, such as a 
light bulb, that provides visible light and/or IR light. Alternatively, lamp 134 may 
comprise separate IR and visible light generating components, such as separate gas 
filled chambers within a bulb, or multiple bulbs in a single physical package. Also 
included in the assembly 150 are lens 128, and mirrors 130, 138 and 140, which 

20 operate together to focus the light band onto the platen 120 and film 105 being 
scanned thereon, through color sensor 144, where light from the light band is filtered 
into separate color sources (e.g. IR, red, green and blue), and onto the scanning array 
124. Scanning array 124 produces electrical image signals representative of image 
122. These signals may be output for image processing by an external image 

25 processing system such as a workstation, personal computer, or the like. 
Alternatively, image capturing system 100 may include an internal processor (not 
illustrated) for performing image processing functions. 
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Illumination source 134a is, in one embodiment, also included with scanning 
assembly 150. Illumination source 134a may provide illumination in the visible 
and/or infrared portions of the electromagnetic spectrum. Illumination source 134a is 
used in a similar manner to lamp 134, except that illumination source 134a is 
positioned to illuminate the back of film 105 containing image 122. By illuminating 
the back of film 105, illumination source 134a provides a source of transmitted light 
that can be used in accordance with the principles of the present invention to record a 
"through" view of image 122. As previously mentioned, additional photosensitive 
arrays (not shown) may be positioned above platen 120 to receive light transmitted 
through film 105 containing image 122. Various arrangements of illumination 
sources and detectors that permit measurements to be made using reflected light, 
transmitted light, or both, can be implemented according to the present invention. 
Upon consideration of the remainder of this discussion, it will become apparent that 
the present invention can be implemented using a single illumination source, or 
multiple illumination sources. In addition, scanning system 100 can employ various 
illumination sources capable of providing different frequencies of light, along with 
corresponding detectors. Note that the detectors may comprise a single sensor, or 
multiple sensors in various suitable arrangements. 

Scanning array 124 may be a linear array of photosensitive sensors such as 
charge coupled devices, photo-diodes, complementary metal-oxide semiconductor 
(CMOS) devices, or any suitable photo-detector that operates to sense light reflected 
from or transmitted through film 105 containing image 122 during the illumination 
period. The photosensitive detectors produce electrical signals indicative of the 
intensity of light sensed. These electrical signals are used to generate an electronic 
representation of image 122, or measurement of an attribute of image 122 such as 
image density. In one embodiment, a single detector and/or detector array is used to 
generate electrical representations of image 122 from scans performed using IR and 
visible portions of the electromagnetic radiation spectrum. In other embodiments, 
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one detector and/or detector array is used to record electrical representations of 
images from scans using the IR portion of the electromagnetic radiation spectrum, 
and a different detector and/or detector array is used in conjunction with scans using 
the visible portion of the electromagnetic radiation spectrum. 

Scanning array 124 generally extends in a direction transverse to that of the 
motion of scanning system assembly 150. This enables scanning system assembly 
150 to move along an axis known to those skilled in the art as the "slow scan" axis, 
which begins at one end of image 122 and extends in the process direction towards 
the opposite end. The direction across the page in which the array extends is known 
as the fast scan axis. 

As discussed earlier, movement of scanning system assembly 150 is described 
relative to film 105 being scanned, and film 105 may be moved rather than the 
scanning assembly. In one embodiment of the present invention, scanning system 
assembly 150 remains fixed in place, and pressure rollers 160 cooperate to move a 
portion of film 105 into a recording position. In a recording position, an image 
present on film 105 is preferably located between illumination source 134a and baffle 
136, so that light is transmitted through film 105, and detected by scanning array 124. 

Referring to FIG. 2, focusing different sets of wavelengths of light by altering 
the position of a lens system will be discussed, according to an embodiment of the 
present invention. A lens system may comprise a single lens or multiple lenses, one 
or more of which are preferably movable. In at least one embodiment of the present 
invention, lens 128 is used to focus an image onto detectors in scanning array 124. A 
particular lens bends, or diffracts, different frequencies of electromagnetic radiation 
differently. As a resuh, images having different wavelengths of light will be focused 
at different distances from the lens. Consider for example, IR light 224 and visible 
light 214 passing through lens 128. As illustrated, lens 128 diffracts visible light 214 
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(having relatively short wavelengths) more than lens 128 diffracts IR light 224 
(having relatively long wavelengths). As a result, an image consisting of IR light 224 
is focused by lens 128 at a distance a from lens 128. Distance a can be understood as 
the distance between lens 128 and the point 220 where the two rays of IR light 224 
converge. When using lens 128 to focus electromagnetic radiation onto a detector 
such as scanning array 124 (FIG.l) , an IR image projected through lens 128 is said to 
be in focus when the detector is positioned at a distance a from lens 128. Similarly, 
the two rays of visible light 214 converge at point 210, which is a distance h from 
lens 128. Therefore the distance from lens 128 to the detector needed to focus lens 
128 for visible light 214 is 6. 

At distance a, IR light 224 is in focus, while visible light 214 is out of focus. 
At distance 6, visible light 214 is in focus and IR light 224 is out of focus. When 
lens 128 is positioned an intermediate distance c from a detector, neither IR light 224 
or visible light 214 is in focus. Because of this, a scanner according to at least one 
embodiment of the present invention first moves a lens assembly including lens 128, 
such that lens 128 is a distance b from a detector and performs a scan using visible 
light 214, and then moves the lens assembly so that lens 128 is moved by a 
predetermined offset from distance h to distance a, and performs an IR light scan. 
Other embodiments switch the order of the scans, first performing the scan using IR 
light 224, and then performing the scan using visible light 214. In each case, lens 128 
is positioned for appropriate focusing. Still other embodiments of the present 
invention position lens 128 for focusing different parts of the electromagnetic 
radiation spectrum, and perform corresponding scans. For example, separate scans 
can be performed to record blue light images and green light images. In order to 
perform these scans, lens 128 is positioned the distance from the detector needed to 
focus the lens for the appropriate wavelength of light. 
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FIG. 2A presents an alternative method of focusing light by interposing a lense 
system in an optical path will be discussed according to at least one embodiment of 
the present invention. A lens system may comprise a single lens, or multiple lenses, 
each of which may be stationary or movable. A lens system as described herein may 
5 include any suitable combination of stationary and movable lenses that can be used to 
focus light from a scene onto a detector. In at least one embodiment, lens 128 is used 
to focus a visible light image onto detectors in scanning array 124. As stated above, a 
particular lens generally bends, or diffracts, different frequencies of electromagnetic 
radiation differently. As a result, an image composed primarily of one set of 

10 frequencies of light may be in focus, while an image composed primarily of a 
different set of frequencies of light is out of focus. Consider for example, IR light 
224 passing through lens 128. If second lens 228 were not present, IR light 224 
would follow unfocused path 224a, and the two rays of IR following unfocused path 
224a would converge at out-of-focus point 212, causing the image at scanning array 

15 124 to be out of focus. In order to focus IR light 224 so that the two rays of IR light 
224 converge at in-focus point 230, another lens, such as second lens 228, can be 
interposed in the optical path of the IR light to "correct" the focus of lens 128. 

The dotted line represents visible light 214. Unlike IR light 224 in this 
example, when second lens 228 is not interposed in the optical path of an image 

20 composed of visible light, lens 128 correctly focuses visible Hght 214 at in-focus 
point 230, enabling scanning array 124 to capture a sharp image. In use, at least one 
embodiment of the present invention employs a lens system configured to maintain 
lens 128 in a fixed position interposed in the optical path, and keep second lens 228 
positioned outside the optical path, in order to focus visible light images. The lens 

25 system then interposes a second combination of lenses, comprising both lens 128 and 
second lens 228, into the optical path in order to focus IR light. In other 
embodiments, the lens system focuses IR light using a single lens fixed into the 
optical path, and visible light is focused using a combination of lens 128 and second 
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lens 228. A lens system according to at least one embodiment of the present 
invention may use other suitable lens combinations as desired. 



Although FIG. 2A illustrates a lens system configured to interpose second lens 
228 to focus IR light, other lens systems according to the present invention interpose 
5 lens 128 for focusing different parts of the electromagnetic radiation spectrum. For 
example, images can be captured representing information from the blue and green 
portions of the electromagnetic radiation spectrum by configuring lens 128 to focus 
blue light, and configuring second lens 228 to work in conjxmction with lens 128 to 
focus green light. A lens system according to one embodiment of the present 
10 invention may focus additional and/or different wavelengths by interposing additional 
lenses, or configuring lens 128 and second lens 228, as needed to focus the 
appropriate wavelength of electromagnetic radiation. 

One use of a lens focusing system according to at least one embodiment of the 
present invention, is to perform two scans of a film using two different portions of the 
15 electromagnetic spectrum. One of the scans is preferably performed using visible 
light to record an image for reproduction. The other of the scans is preferably 
performed using IR light to record an electronic representation of the image to be 
used as a defect map. The two images can then be combined to form an improved 
image having fewer defects than an image recorded using visible light only. 

20 

Referring now to FIGS. 1 and 3, a method of focusing lens 128 for visible 
light is discussed according to one embodiment fo the present invention. Out-of- 
focus stripe 302 and in-focus-stripe 306 are both sections of image data as observed 
by scanning array 124. Both stripes 302 and 306 show a series of image pixels that 
25 are converted to electrical signals by scanning array 124. These electrical signals can 
be analyzed for frequency content. For example, the pixels of out-of-focus stripe 302 
are not sharply delineated, and the values generated by scarming array 124 in 
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response to out-of-focus stripe 302 can be idealized as sine wave 304, In a "perfectly" 
out of focus image, sine wave 304 may consist of only a single frequency component. 
However, in most cases sine wave 304 is not an idealized sine wave, and includes 
multiple frequency components, each of which may be determined by performing a 
5 Foiirier transform on the data representing out-of-focus stripe 302. In-focus-stripe 
306, on the other hand, demonstrates sharp definition between adjacent pixels. The 
electrical signals generated by scanning array 124 can therefore be idealized as square 
wave 308. As is known to those skilled in the art, a perfect square wave has an 
infinite number of frequency components. These frequency components, as with the 

10 frequency components of a sine wave, may be determined by performing a Fourier 
transform of the data representing in-focus-stripe 306. In practice, the electrical 
signals generated by scanning array 124 are neither a perfect sine wave for out-of- 
focus stripe 302, nor a perfect square wave for in-focus stripe 306, because m image 
is rarely perfectly out of focus or perfectly in focus. However, the more closely an 

1 5 image approaches an in-focus condition, the more frequencies, or harmonic content 
the image data will have when processed through a Fourier transform type process. It 
will be appreciated that mathematical transforms and algorithms other than Fourier 
transforms may be performed to determine whether lens 128 is properly focused. 

In at least one embodiment of the present invention, an automatic focusing 
20 system employing a frequency analysis scheme as described above, is used to 
properly focus lens 128 for recording at least one visible light image. After the 
visible light image is recorded, lens 128 is then focused for recording an IR image by 
moving lens 128 a predetermined offset distance from the visible light focused 
position, as discussed in more detail below. It will be appreciated that automatic 
25 focusing systems employing different methods may be used to focus lens 128 for use 
with visible light, consistent with the objects of the present invention. It will also be 
appreciated that various suitable mechanical systems may be employed to move lens 
128 into a properly focused position for either visible light or IR. 
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Referring to FIG. 4, one such alternate automatic lens focusing system is 
illustrated according to one embodiment of the present invention, and designated 
generally as focusing system 300. In at least one embodiment focusing system 300 
includes lens 128, which is supported by supports 340 in a fixed position relative to 
5 focusing system 300, and scanning array 124 supported by arms 312 and post 310. 
Post 310 comprises gear receiving notches 314 configured to receive gear teeth 324, 
and to move up or down in response to the rotation of gear 322 coupled to motor 320, 
thereby increasing or decreasing distance d between lens 128 and scanning array 124. 
Motor 320 is preferably a stepper motor capable of moving in discreet increments in 
10 response to control signals provided by a micro-processor (not illustrated) or other 
control capable device. 

It should be noted that in a preferred embodiment, the automatic focusing 
features of focusing system 300 are employed to move lens 128 into focus for visible 
light, and then lens 128 is moved into focus for IR light by simply applying a 

15 predetermined offset to the visible light position. The predetermined offsets used to 
focus lens 128 for IR light may be calculated, or determined empirically. A constant, 
fixed offset may be applied to lens 128 in all circumstances, or a variable offset may 
be used in different circumstances. For example, different offsets may be employed 
for different levels of magnification. If variable offsets are employed, the offsets may 

20 be retrieved from a look- up table. Alternatively, a number of stepper motor steps 
corresponding to particular offsets may be stored in the look-up table. In at least one 
embodiment of the present invention, elements of an offset look-up table are 
referenced to other information, which may itself be contained in look-up tables. The 
other information may include, but is not limited to, manufacturer specifications, 

25 empirical test results, user preferences, various conditional adjustments, and the like. 

The illustrated embodiment of focusing system 300 further comprises 
focusing transmitters 332 and focusing receivers 330. Focusing transmitters 332 
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transmit signals 333, which may include sound waves, light, or other suitable signals, 
which reflect from supports 340 and return to focusing receivers 330. Focusing 
receivers 330 measure signals 333, and determine distance d based on transit time, 
phase shift, or another measurable characteristic of signals 333. Alternatively, 
5 focusing receivers 330 may transmit measurements for use by a processing system 
(not illustrated) in determining distance d. The distance d is then adjusted by 
controlling motor 320 to raise or lower scanning array 124 to focus lens 128 for a 
particular wavelength of electromagnetic radiation to be used in scanning an image. 

Other embodiments of the present invention use other auto focusing 
10 techniques to focus lens 128 for use with visible light. For example, various distance 
detecting mechanisms not requiring a signal to be transmitted, such as capacitance 
measuring systems, can be employed without departing from the spirit and scope of 
the present invention. Other active and passive automatic focusing techniques can 
also be employed according to the objectives of the present invention. 

15 FIG. 4 illustrates a particular embodiment in which a scanning array 124 is 

moved and lens 128 remains in a fixed position. In other embodiments, lens 128 is 
moved, while scanning array 124 remains in a fixed position. Yet other embodiments 
move both lens 128 and scanning array 124 to position lens 128 the needed distance 
from scanning array 124. It will be appreciated that when reference is made to 

20 focusing, positioning, moving, or otherwise altering the physical orientation of a lens 
128, re-orienting scanning array 124 may achieve comparable results. 

Referring to FIG. 4 A a lens focusing system 300 is illustrated according to an 
alternate embodiment of the present invention. Lens focusing system 300, as 
illustrated, comprises lense 128 and movable lens 328 which focus light, either in 
25 cooperation with each other or independently, onto a detector such as scanning array 
124. Optical path 420 represents a path followed by light traveling from a scene to 
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scanning array 124. In at least one embodiment, a scene includes images formed in 
physical media such as cellulose film, photographic paper, stained glass, or any other 
suitable medium. When a physical medium is illiiminated, light reflected from 
and/or transmitted through the physical medium may be guided through lens 128, 
5 which is interposed in optical path 420, and focused onto scanning array 124. 

Lens 128 is, in one embodiment, held in a stationary position such that lens 
128 continuously remains interposed in optical path 420. Movable lens 328 is 
coupled to pivot arm 430. Pivot arm 430 is, in turn, rotatably coupled to post 310 
such that when pivot arm 430 is rotated about axis 311, movable lens 328 is 

10 interposed into optical path 420. When it is no longer desired to have movable lens 
328 interposed in optical path 420, pivot arm 430 is again rotated, and movable lens 
328 is removed from optical path 420. In at least one embodiment, pivot arm 430 can 
be rotated in either a clockwise or counter clockwise manner to interpose lens 328 
into optical path 420 and/or remove movable lens 328 from optical path 420. 

15 Rotation of pivot arm 430 can be accomplished by a motor and/or other suitable 
driving mechanisms know to those skilled in the art. 

In the illustrated embodiment of lens focusing system 300, movable lens 328 
is positioned between lens 128 and scanning array 124. In other embodiments, 
however, lens 128 is between movable lens 328 and scanning array 124. 
20 Additionally, although only a single movable lens 328 is illustrated, lens focusing 
system 300 may include multiple lenses that can be interposed at various positions to 
provide appropriate focusing for a desired set of wavelengths of light. 

FIG. 4B expands on this alternate lens focusing system according to another 
embodiment of the present invention. Here lens focusing system 300 comprises lens 
25 128 and lens assembly 327, which focus light onto scanning array 124. Lens 
assembly 327 comprises movable lens 328 and second lens 329. In the illustrated 
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embodiment, movable lens 328 and second lens 329 are positioned in lens assembly 
327 such that as lens assembly 327 is rotated about axis 311, either movable lens 328 
or second lens 329 is interposed into optical path 420. 

In one embodiment, movable lens 328 is configured to focus IR light in 
conjunction with lens 128, while second lens 329 is a clear lens that does not 
significantly affect the focus of electromagnetic radiation traveling along optical path 
420. However, in other embodiments, second lens 329 may cooperate with lens 128 
to focus a different wavelength of electromagnetic radiation than that focused by the 
combination of movable lens 328 and lens 128, or lens 128 alone. In other 
embodiments, lens 128 is not maintained in a stationary position along optical path 
320; instead second lens 329 performs most of the functions of lens 128. For 
example, movable lens 328 may focus IR light and second lens 329 may focus visible 
light. In such a case, suitable focusing may be accomplished by rotating lens 
assembly 327 to interpose the appropriate lens 328 or 329. In other embodiments lens 
assembly 327 includes additional lenses configured to focus, either independently or 
in conjunction with lens 128, a desired wavelength of light. 

Referring to FIG. 5, a method of capturing images according to at least one 
embodiment of the present invention will be discussed. The method is preferably 
20 implemented using a fdm scanner having an automatic focusing system, although 
other image capturing systems having various focusing mechanisms may be 
employed without departing from the spirit and scope of the present invention. 

The method begins with step 510, in which a lens is focused in preparation for 
capturing an image using visible light. This is preferably accomplished using a 
25 standard automatic focusing mechanism known to those skilled in the art. During 
step 510, the lens is positioned such that a visible light image seen by the lens is 
clearly projected upon an array of photosensitive detectors. Since the human eye is 
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generally more sensitive to the blue portion of the electromagnetic radiation spectrum 
than it is to the red portion of the spectrum, it is preferred that the lens be positioned 
to ensure the clarity (focus) of the blue portion of an image, even at the expense of a 
small amount of blurriness in the red portion of the image. 

5 Once the lens has been positioned in step 510, the method proceeds to step 

520 to capture one or more electronic representations of an image formed on a 
physical medium. Preferably, at least three electronic representations are recorded, 
each representation containing primarily information corresponding to either the red, 
green, or blue portion of the electromagnetic radiation spectrum. The physical 

10 medium may be a negative or positive color film record, a black and white film 
record, a photograph formed on photographic paper, a printed document, or the like. 
In step 520, the physical medium is scanned by illuminating the medium with visible 
light. Either reflected light, transmitted light, or a combination of reflected and 
transmitted light strike a photosensitive detector after interacting with an image 

1 5 formed on the physical medium, and the photosensitive detector generates electrical 
signals in response to the light. These electronic signals can then transmitted from 
the detector to a processor for image processing. Alternatively, the detector may 
include the necessary processing capabilities to perform image processing functions, 
in which case the electrical signals need not be transmitted for processing. Image 

20 processing includes alterations to the recorded electronic representation of the image, 
including format changes, filtering, defect removal, transformation, color correction, 
image combination, filter application, and the like. 

After the image is captured using visible light in step 520, the method 
proceeds to step 530. In step 530 the lens is focused in preparation for an IR image 
25 capturing process, which uses electromagnetic radiation from the infrared portion of 
the spectrum to record a representation of the same image for which was captured in 
step 520. In at least one embodiment, the lens is focused by moving the lens a 
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predetermined offset from the visible light focused position. As mentioned earlier, 
focus may be adjusted using a stepper motor to move the lens or the detector by a 
predetermined offset. Alternatively, the amount of offset may be monitored and 
controlled by various sensing devices knovm to those skilled in the art. Once the lens 
5 is properly positioned in step 530, step 540 is performed. In step 440, the image is 
scanned using the IR portion of the electromagnetic radiation spectrum, and one or 
more IR representation of the image are recorded. 

The method proceeds next to step 550. In step 550, the visible light and IR 
images are combined. Preferably, the IR image is a defect map, and the visible light 
10 image is a desired image to be later reproduced. The defect map and the desired 
image can be electronically combined to produce an improved image having fewer 
and/or less noticeable defects. The images may be combined using various 
thresholding, summation, and difference techniques known to those skilled in the art. 

FIG. 5A, provides an alternative method of capturing images according to at 
15 least one embodiment of the present invention will be discussed. The method varies 
from the one previously discussed in that it employs a fixed lens in combination with 
a movable lens, although other image capturing systems having suitable focusing 
mechanisms may be employed without departing from the spirit and scope of the 
present invention. 

20 The method begins with step 512, in which a lens is interposed in an optical 

path between a physical medium having an image formed therein, and at least one 
photosensitive detector. The lens is interposed in the optical path in preparation for 
capturing an image using visible light. Preferably, the lens to be interposed for 
visible light focusing is maintained in a fixed position such that the lens is always in 

25 the optical path. During step 512, the lens is interposed such that a visible light image 
seen by the lens is clearly projected upon an array of photosensitive detectors. Since 
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the human eye is generally more sensitive to the blue portion of the electromagnetic 
radiation spectrum than it is to the red portion of the spectrum, it is preferred that the 
lens be configxired to ensure the clarity (focus) of the blue portion of an image, even 
at the expense of a small amount of blurriness in the red portion of the image. 

5 The method then proceeds to step 520. In step 520 one or more electronic 

representations of a scene are captured using visible light. Preferably, at least three 
electronic representations are recorded, each representation containing primarily 
information corresponding to either the red, green, or blue portion of the 
electromagnetic radiation spectrum. The scene may be formed in a physical medium 

10 such as a negative or positive color film record, a black and white film record, a 
photograph formed on photographic paper, a printed document, or the like. In step 
520, the physical medium is scanned by illuminating the medium with visible light. 
Either reflected light, transmitted light, or a combination of reflected and transmitted 
light strike a photosensitive detector after interacting with an image formed on the 

15 physical medium, and the photosensitive detector generates electrical signals in 
response to the light. These electronic signals can then transmitted from the detector 
to a processor for image processing. Alternatively, the detector may include the 
necessary processing capabilities to perform image processing functions, in which 
case the electrical signals need not be transmitted for processing. Image processing 

20 includes alterations to the recorded electronic representation of the image, including 
format changes, filtering, defect removal, transformation, color correction, image 
combination, filter application, and the like. 

After the image is captured using visible light in step 520, the method 
proceeds to step 532. In step 532 another lens is interposed into the optical path in 
25 preparation for an IR image capturing process. In lens focusing systems employing a 
fixed lens, step 532 interposes an additional "corrective" lens that works in 
conjunction with the fixed lens to focus IR light. In other embodiments, step 532 
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interposes a different lens than that interposed in step 512, which is not necessarily an 
additional lens. Once the lens is interposed in step 532, step 540 is performed, which 
uses IR light to record one or more representations of the same image for which 
images were captured in step 520. 

5 The method proceeds next to step 550. In step 550, the visible light and IR 

images are combined. In one embodiment, the IR image is a defect map, and the 
visible light image is a desired image to be later reproduced. The defect map and the 
desired image can be electronically combined to produce an improved image having 
fewer and/or less noticeable defects. The images may be combined using various 
1 0 thresholding, summation, and difference techniques known to those skilled in the art. 

The methods above describe an embodiment in which a visible light image is 
captured first, and then an IR image. Other embodiments capture an IR image first, 
and then capture a visible light image. Yet other embodiments use multiple IR and/or 
visible light scans, each of which may or may not be used in conjunction with 
15 different lens focusing distances, magnifications, etc. 

In the preceding detailed description, reference has been made to the 
accompanying drawings which form a part hereof, and in which are shown by way of 
illustration specific embodiments in which the invention may be practiced. These 
embodiments have been described in sufficient detail to enable those skilled in the art 

20 to practice the invention, and it is to be understood that other embodiments may be 
utilized and that logical, mechanical, chemical and electrical changes may be made 
without departing from the spirit or scope of the invention. To avoid detail not 
necessary to enable those skilled in the art to practice the invention, the description 
omits certain information known to those skilled in the art. The preceding detailed 

25 description is, therefore, not to be taken in a limiting sense, and the scope of the 
present invention is defined only by the appended claims. 
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